Because type 2 diabetes mellitus is a progressive disease, most patients eventually need insulin. When and how to start insulin therapy are not one-size-fits-all decisions but rather must be individualized. This paper reviews the indications, goals, and options for insulin therapy in type 2 diabetes.
I
nsulin therapy is one of the most effective tools clinicians can use to help patients reach their individualized hemoglobin A 1c target. However, decisions about when and how to start insulin therapy have to be individualized to the needs and goals of each patient. Many insulin options are available, one of the most common being the addition of basal insulin to oral antidiabetic drugs. Although patients are often reluctant to start insulin, this reluctance can be overcome through patient education and hands-on training.
Here, we review hemoglobin A 1c targets, factors that determine when to start insulin therapy, and the different regimens that can be used.
■ MOST PATIENTS
EVENTUALLY NEED INSULIN Type 2 diabetes mellitus is a chronic progressive disease associated with insulin resistance, beta-cell dysfunction, and decreased insulin secretion. Consequently, most patients eventually require insulin therapy to reduce the risk of long-term complications.
The efficacy of therapy can be assessed by measuring hemoglobin A 1c , an important marker of the chronic hyperglycemic state. The hemoglobin A 1c value can be reported as a ratio (%) standardized against the results of the Diabetes Control and Complications Trial, 1 or as International Federation of Clinical Chemistry units (mmol/mol).
2 Table 1 shows the relationship between hemoglobin A 1c and average glucose values.
■ WHAT IS AN APPROPRIATE HEMOGLOBIN A 1C TARGET?
The short answer is, "It depends." Currently, the American Association of Clinical Endocrinologists (AACE) supports a hemoglobin A 1c goal of less than 6.5% for otherwise healthy patients but states that the goal should be individualized for patients with concurrent illnesses or at risk of hypoglycemia. 4 On the other hand, the American Diabetes Association (ADA) recommends a higher hemoglobin A 1c target of less than 7% for most adults with type 2 diabetes mellitus. 5 This value was shown to be associated with a reduction in the microvascular and macrovascular complications of diabetes.
Yet when three large trials [6] [7] [8] Similarly, a 2013 Cochrane review 9 that included 28 randomized controlled trials concluded that intensive control (in 18,717 patients) did not decrease all-cause and cardiovascular mortality rates compared with traditional glucose control (in 16,195 patients), and it increased the risk of hypoglycemia and serious adverse events.
As a result, the ADA 5 states that a hemoglobin A 1c target less than 6.5% is optional for patients with a long life expectancy, short duration of diabetes, low risk of hypoglycemia, and no significant cardiovascular disease. The ADA further defines a hemoglobin A 1c goal of less than 8% for patients with a history of severe hypoglycemia, limited life expectancy, advanced microvascular or macrovascular complications, extensive comorbid conditions, and long-standing diabetes.
Therefore, the AACE and ADA are moving away from "one-size-fits-all" goals and toward individualizing their recommendations.
■ WHEN SHOULD INSULIN BE STARTED?
Physicians should consider the needs and preferences of each patient and individualize the treatment. The most recent recommendations from the ADA 5 stress the importance of a patient-centered approach, with multiple factors taken into account. These include the patient's attitude, expected compliance with treatment, risk of hypoglycemia, disease duration, life expectancy, and comorbidities, and the side effects of oral medications and insulin.
Compared with previous guidelines, there are fewer rules on how and when to start insulin therapy. But absolute and relative indications for insulin therapy should be considered in patients with the following:
Absolute indications for insulin
• Ketoacidosis or catabolic symptoms, including ketonuria • Newly diagnosed type 2 diabetes with pronounced hyperglycemia (glucose ≥ 300 mg/ dL or hemoglobin A 1c ≥ 10.0%) with or without severe symptoms, including weight loss, polyuria, or polydipsia 10 The AACE and ADA are moving away from one-size-fits-all and toward individualized recommendations 
BRATEANU AND COLLEAGUES
• Uncontrolled type 2 diabetes mellitus despite using one, two, or more oral antidiabetic drugs or glucagon-like peptide 1 (GLP-1) receptor agonists • Gestational diabetes • Preference for insulin.
Relative indications for insulin
• Hospitalized for surgery or acute illnesses • Advanced renal or hepatic disease • Inability to afford the cost or tolerate the side effects of oral antidiabetic drugs and GLP-1 receptor agonists. Depending on the situation, blood glucose is measured fasting, before meals, or after meals after initiating or adjusting insulin regimens ( Table 2) .
■ WHAT ARE THE INSULIN REGIMENS? Basal insulin
In the early stages of type 2 diabetes, metformin alone or in combination with another oral antidiabetic drug or with a GLP-1 receptor agonist is often used along with healthy eating, weight control, and increased physical activity.
When the target hemoglobin A 1c cannot be achieved with one or two noninsulin drugs, the ADA suggests basal insulin be added to metformin or a two-medication regimen that includes metformin (Table 3) . However, recent evidence suggests that combining a GLP-1 receptor agonist with basal insulin, in a regimen without metformin, is safe and improves glycemic control without hypoglycemia or weight gain. 11 While a total daily dose of insulin of 0.1 to 0.2 units/kg could be initially used in patients with a hemoglobin A 1c level less than 8%, a higher dose of 0.2 to 0.3 units/kg is required if the hemoglobin A 1c level is between 8% and 10%. The dose can be titrated once or twice weekly if the fasting glucose is above the target level (usually < 130 mg/dL). If hypoglycemia develops (glucose < 70 mg/dL), the insulin dose should be reduced by 10% to 20%. 10 Available basal insulins include glargine, detemir, and neutral protamine Hagedorn (NPH) ( Table 4) . [12] [13] [14] Because glargine and detemir offer better pharmacokinetic properties, less variability in response, and less risk of hypoglycemia, they are preferred over NPH.
The ADA suggests basal insulin be added to metformin alone or a regimen that includes metformin Glargine has a relatively constant plasma concentration over 24 hours, allowing once-daily dosing at any time during the day (Figure 1 ). 15 The dose should be taken at the same time every day. Detemir and NPH are usually taken once or twice daily.
Patients treated once daily should take the dose with the evening meal or at bedtime. Patients who require a twice-daily regimen can take the first dose with breakfast and the second one with the evening meal, at bedtime, or 12 hours after the morning dose.
The randomized Treat-to-Target trial, 16 in 756 patients, showed that both glargine and NPH, when added to oral therapy in patients with type 2 diabetes, achieve the target hemoglobin A 1c , but NPH is associated with more episodes of nocturnal hypoglycemia. Similar results were found when NPH was compared with detemir insulin. 17 A Cochrane review 18 suggested that glargine and detemir are similar in efficacy and safety. However, detemir often needs to be injected twice daily, in a higher dose, and is associated with less weight gain. Furthermore, a meta-analysis of 46 randomized clinical trials 19 showed that the weight increase at 1 year is less in patients treated with basal than with twice-daily or prandial regimens.
A noninterventional longitudinal study 20 in 2,179 patients newly started on insulin showed that the mean weight increase at 1 year was 1.78 kg, and 24% of patients gained more than 5 kg. However, the factors independently associated with the weight gain were a higher hemoglobin A 1c at baseline, a higher insulin dose at baseline and at 1 year, and a lower baseline body mass index, but not the type of insulin regimen. Currently, a new class of ultralong-acting basal insulins is being studied. Insulins in this class are approved in other countries, but the US Food and Drug Administration requires additional data for approval. Ultralong-acting insulins are expected to reduce the risk of hypoglycemia, specifically the risk of nocturnal episodes. Also, given their longer duration of action and stable steady-state pharmacokinetics, they will offer flexibility in the dose timing. Adapted from information in American Diabetes Association (ADA) 5 and American Association of Clinical Endocrinologists (AACE) 4 recommendations. Table 4) . [12] [13] [14] They can be taken before each meal, and the total bolus dose usually represents 50% of the total daily dose. 22 Rapid-acting insulins have faster onset, shorter duration of action, and more predictable pharmacokinetics, which makes them preferable to regular insulin (Figure 1) . 15 Inhaled insulin is another option, but it is contraindicated in patients with chronic obstructive pulmonary disease or asthma because of the increased risk of acute bronchospasm. 12 Alternatively, the transition to a basal-bolus regimen can be accomplished with a single dose of bolus insulin before the main meal, using a dose that represents approximately 10% of the total daily dose. Additional bolus doses can be added later based on the glycemic control. The adjustment of the preprandial insulin dose is done once or twice weekly, based on the postprandial glucose levels. 10 Premixed combinations of long-and shortacting insulins in ratios of 50% to 50%, 70% to 30%, or 75% to 25% can be considered in patients who cannot adhere to a complex insulin regimen. A propensity-matched comparison of different insulin regimens (basal, premixed, mealtime plus basal, and mealtime) in patients with type 2 diabetes revealed that the hemoglobin A 1c reduction was similar between the different groups. 23 However, the number of hypoglycemic episodes was higher in the premixed insulin group, and the weight gain was less in the basal insulin group.
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While premixed insulins require fewer injections, they do not provide dosing flexibility. In other words, dose adjustments for premixed insulins lead to increases in both basal and bolus amounts even though a dose adjustment is needed for only one insulin type. Thus, this is a common reason for increased hypoglycemic episodes.
Continuous subcutaneous insulin infusion
A meta-analysis showed that continuous subcutaneous insulin infusion (ie, use of an insulin pump) was similar to intensive therapy with multiple daily insulin injections in terms of glycemic control and hypoglycemia. 24 Since both options can lead to similar glucose control, additional factors to consider when initiating insulin infusion include lifestyle and technical expertise. Some patients may or may not prefer having a pump attached for nearly all daily activities. Additionally, this type of therapy is complex and requires significant training to ensure efficacy and safety. 25 
■ WHAT IS THE COST OF INSULIN THERAPY?
A final factor to keep in mind when initiating insulin is cost ( Table 4) . [12] [13] [14] Asking patients to check their prescription insurance formulary is important to ensure that an affordable option is selected. If patients do not have prescription insurance, medication assistance programs could be an option. However, if a patient is considering an insulin pump, insurance coverage is essential. Depending on the manufacturer, insulin pumps cost about $6,000 to $7,000, and the additional monthly supplies for the pump are also expensive.
If patients are engaged when considering and selecting insulin therapy, the likelihood of treatment success is greater. 
